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ABSTRACT 

We present the results of calculations of the cosmic AGN background spectrum from 3 keV (4 x 10~ 4 /im) 
to 1000/im. These computations make use of the measured X-ray luminosity function and its evolution, as 
well as fits from synthesis models of the cosmic X-ray background (CXB) to predict the AGN contribution to 
the cosmic infrared background (CIRB) for different models of the location and distribution of the absorbing 
material. By comparing our results to observational constraints we conclude that the current deep Spitzer 
surveys can account for the entire AGN contribution to the CIRB at 24/im, but these AGN are almost all 
Compton-thin. In fact, the calculations show that Compton-thick AGN are a small fraction of the CIRB for 
A < 100/im. For this reason, the most efficient method of identifying the Compton-thick AGN population 
is through hard X-ray imaging at energies > 40 keV. Selection of AGN based on their rest-frame near-IR 
colors will miss low luminosity type 2 AGN due to contamination from the host galaxy. Finally, the AGN 
that dominate the CXB must have star formation rates < 100 M Q yr -1 , consistent with them having similar 
properties as the sources which dominate the CIRB at z ~ 1. Including the estimated re -radiated emission 
from star formation, AGN and their host galaxies may contribute ~ 30% of the CIRB at 70/im, dropping to 
~ 10% at 24^im and ~ 1% at 1-lO^m. 

Subject headings: diffuse radiation — galaxies: active — galaxies: evolution — galaxies: formation — in- 
frared: galaxies — X-rays: galaxies 



1. INTRODUCTION 

The extragalactic cosmic background radiation encodes 
within it the history of the formation and growth of galax- 
ies and stars, and thus elucidating its origin is a vital step to- 
ward understanding these processes. In recent years signifi- 
cant progress has been made in the study of the X-ray and in- 
frared backgrounds (hereafter, CXB and CIRB, respectively). 
The CXB is now understood to arise from predominately ab- 
sorbed, or type 2, active galactic nuclei (AGN) over a large 
range of luminosity, r edshift and abso rbing column density 
(ISetfi& Woltidll989h . The CIRB (lHauser & Dwekl 12001 
is dominated by the thermal dust emi ssion of star-formin g 
galaxies over a wide range of redshift (Lag ache et all2005l) . 
Despite their disparate origins and energy ranges, there is an 
intimate connection between the CXB and CIRB since the 
X-rays absorbed by the obscured AGN which dominate the 
CXB will be thermalized and re-radiated in the IR. Thus, a 
potentially significant fraction of the CIRB could be made up 
by this reprocessed accretion energy. If most of the accretion 
onto black hole s over the history of th e Universe has been 
obscured (e.g., Fabian & Iwasawa 1999) then a precise mea- 
surement of the AGN contribution to the CIRB is required 
to understand the growth of the supermassive black holes. 
Similarly, as the CIRB is dominated by star-forming galaxies 
with the longer wavelength emission resulting from galaxies 
at high redshifts (Lagache et al. 2005), a determination of the 
fraction of emission from AGN as a function of wavelength is 
required to accurately measure the history of star and galaxy 
formation over cosmic time. Given a procedure to connect the 
X-ray absorption to the expected IR emission one can use the 
information in the CXB to predict the expected AGN contri- 
bution to the CIRB. 
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ISilva et aTJ (120041) made use of the latest X-ray luminosity 
function (LFs) by collecting observed IR spectral energy dis- 
tributions (SEDs) for AGN with a given X-ray luminosity and 
column density. They were then able to predict the AGN con- 
tribution to the CIRB by integrating over the X-ray LF and ob- 
served local TVh distribution. The strength of this procedure 
is th at it is based on o bservations of real AGN, but because of 
this, ISilva et aTJ d2004l) were limited to small numbers of ob- 
jects for each of the their luminosity and Ah bins and thus are 
possibly subject to the significa nt object-to-object var iability 
observed in AGN in the IR (e.g., Weed man et al.l2005l) . In ad- 
dition, due to th e lack of h i gh ang ular resolution observations 
in the mid-IR, ISilva et aTJ (120041) were forced to extrapolate 
the observed SE Ds beyond 20um. An alter native approach 
was presented by Treiste r~et al.1 d2004l [2006) who used theo- 
retical IR dust emission models to compute the expected IR 
SED for a given X-ray absorption column and luminosity. 
These models included a detailed radiative transfer calcula- 
tion and will be accurate in the mid-IR, but do not include gas 
and therefore cannot be easily connected to the X-ray absorp- 
tion properties of AGN. 

Here, we present the first prediction of the AGN contribu- 
tion to the entire extragalactic background light from 3 keV 
to 1000 /im. This AGN background spectrum is based on 
fits to the CXB and therefore automatically gives the AGN 
fraction to the CIRB over its entire wavelength range. The 
calculation procedure is described in the next section, and we 
present the results and discuss their implications in Sect. [3] 
The standard first-year WMAP A-dominated cosmology is as- 
sumed throughout this pa per, i.e., -Hp = 70 k m s _1 Mpc -1 , 
n A = 0.7, and fi m = 0.3 (ISpergel et al.ll2003l) . 

2. CALCULATIONS 

The calculations of AGN SEDs were performed using the 
photoionization code Cloudy v. 05.07.06 (Ferland et al. il 9981) 
and are described in detail by Ball antyne et al.1 (|2006b). This 
technique has the advantage that it self-consistently treats 
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the atomic gas physics along with the detailed dust radia- 
tion physics (including PAHs and emission from very small 
grains). In addition, physical properties of the medium atten- 
uating the AGN, such as its distance from the central engine, 
can be varied allowing for possible constraints to be placed 
on important parameters. Although the IR radiative trans- 
fer used in thes e calculations is much less sophisticated than 
those used by iTreister et all d2006l) . IBallantvne et all (l2006bl) 
showed that the SEDs, when averaged over a Ah distribution, 
have very similar properties to the ensemble of AGN found in 
the deep surveys of Chandra, XMM-Newton and Spitzer. Fur- 
thermore, to construct the AGN background spectrum the in- 
dividual iVn-averaged SEDs are integrated over all luminosi- 
ties and redshifts. This procedure further reduces the impact 
of the simplified radiative transfer treatment. 

To calculate the observed SED of an AGN with X-ray lu- 
minosity Lx attenuated by a column density Ah, we first 
define a model AGN continuum extending from 100 keV to 
> 1000 fim using the 'agn' command in Cloudy. This spec- 
trum has a X-ray photon index of T = 1.9 that falls off as 
at energies > 100 keV, a big blue bump temperature of 
1.4 x 10 5 K (i.e., a 10 7 M Q black hole accreting at 10% of 
its Eddington rate), and a ox = —1.4. Although this SED is a 
good phenomenological description of an AGN spectrum, it is 
missing th e Compton reflection co mponent in the hard X-ray 
band (e.g. JNandra & Poun ds 1994) and has a lower cuto ff en- 
ergy t han what is typically observed in Seyfert galaxies (Matt 
2001). The reflection component and a high energy cutoff are 
both necess ary to produce good fits to the peak of the CXB at 
- 30 keV (IComastri et al.fl 9951: iGilli et al.l l2006) and so the 
background spectrum computed with this SED will underpre- 
dict the peak intensity of the CXB. However, as described 
below, the AGN background spectrum is calculated using the 
population parameters (i.e., evolution of type 2/type 1 ratio, 
hard X-ray luminosity function, Ah distribution) that were al l 
used in fits to the peak of the CXB (Ba llantyne et al.l l2006a). 
In addition, the omission of the reflection component will not 
affect the dust heating in the obscuring medium. Therefore, 
the low energy background, including the CIRB, will still be 
self-consistently predicted using the properties of a known fit 
to the CXB. 

This AGN spectrum illuminates a constant density (nn = 
10 4 cm -3 ) cloud of gas and dust with an inner radius either 
r m = 1 or 10 pc from the continuum source. The radial extent 
of the irradiated cloud is determined by requiring the X-ray 
spectrum to be absorbed by a column Ah- The transmitted 
incident spectrum, outwardly directed diffuse emission and 
reflected radiation are combined under the assumption of the 
unifi ed model to produce a 'unified' SED for each Lx and 
A H (IBallantvne et al.ll2006bl) . Finally, at every L x and z, the 
unified SEDs undergo a weighted average over Ah to pro- 
duce the An-averaged SEDs that are then used to calculate 
the AGN background spectrum. The weights are given by the 
distribution of column densities predicted by the AGN type 
2/type 1 ratio at the given Lx and z. 

We employ a model of an evolving AGN type 2/type 1 ratio, 
such that the fraction of type 2s with 41.5 < log Lx < 48 and 
< z < 1 is determined by f 2 = K(l + z)°- 3 (logL x y iJi , 
where K is determined by r equiring the low-£x, z = 
type 2/type 1 ratio to be 4 dMaiolino & Riekd fl995). Be- 
tween z = 1 and 5 the val ue of f 2 remains at its z = 1 
value for the appropriate Lx- Ballantyn e et al.l d2006a) found 
that this evolution can self-consistently account for the spec- 
trum of the CXB, the observed X-ray number counts and 



the values of f 2 observed by Bar ger et"aT1 (120051) . This red- 
shift evolution of f 2 agrees with the recent measurements of 
Treist er & Urrvi (2006). as well as the luminosity evolution 
measured by IGilli et al.l (2006). However, because the AGN 
background spectrum is calculated by integrating the individ- 
ual An-averaged spectra over all Lx and z, the specific evo- 
lution model of f 2 makes little impact to the final result. In- 
deed, there is negligible difference between the background 
spectrum calculated with the above evolution of f 2 and one 
where f 2 remains constant with redshift. 

AGN SEDs were computed with Cloudy for the following 
column densities: log Ah = 20, 20.5, 24.0, 24.5. Any 
object observed through a column log Ah > 22 is considered 
a type 2 AGN. The distribution of column densities thus de- 
pends on luminosity and redshift. We consider two different 
methods of determining the Ah distribution. In the first sce- 
nario, any type 1 or 2 AGN has an equal probability p of being 
assigned any column within their classification: 



A H = 



20.0,. 
22.0,. 



,21.5 p 
,24.5 p 



(1 - /a)/4.0 
/2/6.O 



(1) 



In the second method, the type 2 objects are distributed as 
observed in local Seyfe rt 2 galaxies with a higher fraction of 
Compton-thick sources (Risal iti et al.lll999l) : 



f 20.0,..., 21.5 p=(l-/ a )/4.0 
A H = I 22.0, ...,23.5 p = f 2 /8.0 
[ 24.0,24.5 p = / 2 /4.0 



(2) 



The AGN background spectrum in vl v is then given by 



J2 min ho. 



S x (L x ,z)dj 



gir dlogL x (l+^) 2 (O m (l+ z ) 3 +n A ) 1 /2 



dlogLxdz, 
(3) 



where d${L x , z)/d\ogL x is the lUeda etail d2003l) X-ray 
luminosity function for AGN (in Mpc~ 3 ), S\(Lx,z) is the 
observed-frame AGN An-weighted SED (in vf v units) cal- 
culated with luminosity Lx at redshift z, and di is the lumi- 
nosity distance to redshift z (where z m - m — and z max = 5). 
AGN background spectra were calculated for abs orber radii of 
rjn = 1 and 10 pc and with both the simple and Risal iti et al.l 
d 19991) A H distribution. 

3. RESULTS AND DISCUSSION 
3.1. The AGN Background Spectrum 

Figure Q] plots the predicted AGN background spectrum 
from 3 keV to 1000/im along with both recent observa- 
tional cons t raints on the CXB and CIRB and the models of 
ISilva et ail (120041) . Between 1 and 3 keV the background 
model has the correct shape, but falls at the lower edge of 
the range of measured CXB intensit ies. This is also found 
in the most recent synthesis models dGilli et alj |2006) and is 
likely a result of contributions from non-AGN sources such as 
clusters and star-forming galaxies. 

The dotted and dashed lines denote the contributions to the 
total AGN background spectrum from type 1 (log Ah < 22) 
and type 2 AGN (log Ah > 22), respe c tively. In agreement 
with previous work dSilva et al J l2004t ITreister et ail 12004 
IBallantvne et alj|2006al) . the type 2 AGN dominate the AGN 
background light at hard X-rays and in the mid- and far-IR. 
Type 1 AGN only dominate the AGN background where the 
type 2 sources suffer the greatest extinction. The predicted 
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FIG. 1 . — (Top) The heavy solid line plots the predicted total AGN background spectrum from hard X-rays to the far-IR under the assumptions of r ln = 1 pc 
and the simple Nn distribution. The dotted and dashed spectra are the contributions from type 1 (log JVh < 22) and type 2 AGN (log Nh > 2 2), respectively. In 
the X-ray band the different colored r egions denote the CXB intensities measured from multiple missions (bl ue, ASCA GIS, Kushino et al. 2002; red, BeppoSAX, 
Vecchi et al. 1999; yellow, ASCA SIS, Gendreau et al. 1995; cyan, XMM-Newton, De Luca & Molendi 2004). The open star plots the recent measurement of the 
intensity of the CXB at 1 keV by Hickox & Markevitch (200(f). I n the IR, the dot-d ashed and dashed magenta lines plot the predicted contribution to the CIRB 
from AGN and AGN + host galaxies, respectively, calcul ated by Silva et al. 12004). The green points and red squares are Spitzer measurements of the AGN 
contribution to the CIRB presented by Treister et al. (2006) and Barmby et al. (2006), respectively. The blue and cya n lines at 15/xm de note the range covered by 
type 1 and type 2 AGN as determined by deep 750 surveys i Matute et al. 2006). The black cross is an estimate from Fadda et al. 1 2002) of the uppe r-limit to the 
AGN contribution to the CIRB a t 15/xm. The black circles are Spitzer measurements of the total CIRB at 24/xm tPapovich et al-' 20Q4j) and 70pm iFr aver et alj 
2006). The stacking analysis of Dole et al. 12006) provides a lower-limit at 160/im. Finally, the yellow area shows the allowed range of the total CIRB as 
compiled by Hauser & Dwek (2001). (Bottom) As in the top panel, but now plotting a model where rj n = 10 pc. 
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type 1 background spectrum passes through the range of val- 
ues m easured by ISO from type 1 AGN at 15/im dMatute et alJ 
2006). This result implies that the deep ISO surveys have ob- 
served the vast majority of the type 1 AGN contribution to 
the CIRB at 15/im, although difficulties in identification re- 
sulted in underestim ating the fraction due to type 2 objects 
dMatute et al.ll2006l) . 

The two panels of Fig. Q] show the predicted AGN back- 
ground spectra for r- m = 1 pc (top) and r; n = 10 pc (top). 
It is interesting to compare the sh apes of the s pectra in the 
IR band with those computed by ISilva et aTl (|2004) based 
on observations of nearby AGN. As our models do not in- 
clude any emission from the host galaxy, the appropriate com- 
parison is with the dot-dash ed magenta line which plots the 
results of ISilvaetail d2004l) for AGN with little to no host 
galaxy contamination. It is cle ar that the r |T1 = 10 pc model 
provides a closer match to the ISilva et aTl (g004) results (for 
A < 40/im) with the mid-IR peak occurring at nearly identical 
wavelengths. The computed CIRB for this model p redicts sig- 
nifican tly more emission beyond > 40/xm than the lSilva et al.1 
(2004) spectrum, but this is because these authors extrapo- 
lated the observ ed SEDs to rest-frame w avelengths > 20/im. 
In recent work, Ballantyn e et al.l (|2006b) found that, based on 
comparisons with the observed Spitzer mid-IR number counts 
and LFs, average AGN found in the X-ray and mid-IR deep 
surveys were better described by a model where the obscuring 
medium around the AGN is ~ 10 pc from the central engine 
as opposed to ~ 1 pc. Fig.Qjindicates that the local AGN that 
ISilva et aTl (120041) used to produce their CIRB prediction are 
also better described by a model where the obscuring medium 
around the AGN is ~ 10 pc from the central engine. These 
independent methods together strongly imply that a ~ 10 pc 
scale obscuring medium is more likely than smaller scales in 
AGN between z — and 1. 

Focusing in on the r- m = 10 pc AGN background spec- 
trum, we see that the model is close to the observed Spitzer 
estimates for the AGN contribution to t he CIRB at 24/im 
dTreister et al.l 120061: iBarmbv et all 120061) . Comparisons to 
data at shorter wavelengths are complicated by the important 
host galaxy contamination that Spitzer will be be unable to 
avoid at faint IR fluxes (i.e., high-z objects). This will result in 
an overestimation of the contribution to the CIRB due solely 
from reprocessed light from the AGN. The host galaxy con- 
tamination becomes increasingly important at shorter wave- 
lengths as a greater contribution from the Raleigh-Jeans tail 
of the old stellar population within the galaxy enters into 
the observations. This effect can be clearly seen at 3.6, 4.5, 
5.7 and 8/im in Fig. [TJ This effect will undoubtedly cause 
methods of AGN ide ntification through near-IR properties 
dAlonso-Herrero et al.ll2006l) to miss type 2 AGN. That is, 
near-IR selection of AGN only works when the re-radiated 
light from the AGN significantly outshines the host galaxy 
in the rest-frame near-IR. Longer wavelengths, however, will 
be immune to this problem so that a simple comparison can 
be made between the Spitzer measurements at 24/im and the 
model. Thus, we find that the estimated contribution of AGN 
to the CIRB at 24/ xm from the GOODS survey (green dot; 
Treister et al. 2006) is consistent with the background model 
and is unsurprisingly dominated by type 2 AGN. In con- 
trast, the measurem ent from the Extended Groth Strip (EGS; 
Barmby et al. 2006) lies below the background prediction by 
a factor of 1.7, and is therefore likely missing type 2 AGN. 
This difference is due to the different survey depths. In the 
GOODS survey, deep Spitzer observations detected > 90% 



of the sources found in the Chandra 2 Ms deep fields. The 
shallower EGS survey resulted in Spitzer detecting only 68- 
80% of the X-ray sources and therefore underestimates the 
AGN contribution to the CIRB. 

3.2. The Importance of Compton-Thick AGN 

An important problem in the study of both the CXB and 
CIRB is the identification of Compton-thick AGN, objects 
with obscuring columns log Ah > 24. Such heavily buried 
AGN are all bu t invisible in the 2-10 keV X-ray band 
dMatt et al.ll 19991) . but a not insignificant population of them 
are required in o rder to fit the peak of the CXB at 30-40 keV 
dGilli et al.l2006l) . It has been hoped that mid-IR observations 
will aid in the ide ntification of Compton-thick AGN (e.g., 
iDonlev et alll2005l) . Figure [2] re-plots the r in = 10 pc AGN 
background spectrum from Fig. [TJ but now shows the contri- 
bution from Compton-thin (log Ah < 24) and Compton-thick 
AGN. We see that Compton-thin AGN dominate the produc- 
tion of the AGN background at all wavelengths < 100/xm 
In our models, the heavily obscured Compton-thick objects 
predominantly produce emission from cooler dust as th e 
warm interior is shielded from view (Ballant yne et al.l2 006b). 
Therefore, the predictions using the iRisaliti et al.l d 19991) Ah 
distribution, in which half of the type 2 AGN are Compton 
thick (gray lines in Fig. |2), find a slightly weaker CXB at 
1-3 keV as that emission is converted into enhanced far-IR 
radiation. This X-ray deficit would have to be filled in with 
additional emission from other sources, or through a revision 
in the hard X-ray LF. 

At 24/im the spectral intensity from Compton-thin AGN 
is ~ 5 x greater tha n the C ompton-thick sources. Assum- 
ing the IRisaliti et aTl (1 19991) A H distribution this fac tor re- 
duces t o about 3, al t hou gh Balla ntyne et al.l (|2006a) found 
that the IRisaliti et al.l d 19991) distribution cannot hold over all 
Lx and z as it underpredicts the observed 2-8 keV num- 
ber counts. Thus the true factor is likely between these two 
values. The estimated contribution of AGN to the CIRB at 
24/im from the EGS survey lies below the model prediction 
for the Compton-thin AGN contribution in either Ah distri- 
bution, implying that this survey is missing Compton-thin ob- 
jects. In contrast, the measurement derived from the GOODS 
survey is consistent with our model for the Compton-thin ob- 
jects at 24/im. Thus, we conclude that in a deep survey such 
as GOODS, the Compton-thin AGN are basically completely 
identified and these AGN constitute the vast majority of the 
AGN background at 24/im. Interestingly, our models show 
that Compton-thick AGN comprise only a small fraction of 
the AGN background at this wavelength (Fig.O. Recent anal- 
ysis of the CXB has shown that the deep X-r ay surveys are 
missing ~ 50% of the high-Lj y obscured AGN dWorslev et alJ 
120051: [Ballantyne eta l. 2006a), many of which are expected to 
be Compton-thick dGilli et alJl2006l) . Fig. [2] suggests that us- 
ing the mid-IR to identify such highly obscured objects will be 
extremely difficult as they constitute only a tiny fraction of the 
AGN background at these wavelengths. Compton-thick AGN 
do dominate the total AGN emission in the far-IR (> 100/xm), 
but the CIRB reaches its peak in this region d ue to emission 
from star formation over a wide range of z (Lagac he et alJ 
2005), and the AGN contribution is therefore a very small 
fraction of the total radiation emitted by star-forming galax- 
ies. Thus, we conclude that, irrespective of the exact fraction 
of Compton thick AGN, they contribute only a small fraction 
to the total AGN extragalactic background li ght except for i n 
the far-IR and the very hard X-ray band dGilli et all 2006). 
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FIG. 2. — As in the lower panel of FigurefT] but now dotted and dashed lines plot the contributions of Compton-thin (log Nr < 24) and Compton-thick AGN 
(log Nn > 24), respectively, to the total AGN background spectrum. The black lines show the results assuming the simple TVjj distribution (eq. [I}. The gray 
lines plot the results when the Risaliti et al. 1 1999) Nn distribution (eq.|2J is assumed. 



Therefore, the best strategy to find Compton-thick AGN is 
through X-ray imaging at energies > 40 keV. 

3.3. Accounting for Star-Formation 

Along with emission from old stars in the AGN host galaxy, 
reprocessed light from star-forming regions emitted in the 
mid- and far-IR can be an important contributor to the IR 
spectra of AGN. lYun & Carillil d2002f) derived an empirical 
formula relating the instantaneous star-formation rate (SFR) 
and the observed mid-to-far IR continuum in star-forming 
galaxies. Fig. [3] shows the results of including this simple 
constant temperature (T^ = 58 K; lYun & Ca rilli 2002J) esti- 
mate for the effects of star-formation on the AGN background 
spectrum assuming an instantaneous SFR of 1 (solid black 
line), 5,20 and 100 M Q yr _1 (sold gray lines). This star- 
formation spectrum was added to each AGN SED between 3 
and 1500/im (rest-frame) prior to pe rforming the b a ckgro und 
integral (eq. 0J. The galaxies fit by I Yun & Carillil d2002l) all 
have SFRs> 20 M Q yr _1 , so the dust temperatures for the 1 
and 5 M Q yr _1 models will likely be overestimates. However, 
this would only move the peak to the right on the plot and not 
greatly affect the amplitude. 

The dashed magenta line in Fig. [3] plots the ISilva et aT] 
(2004) model of the AGN contribution to the CIRB includ- 
ing emission from host galaxies. The maximum SFR allowed 



by the IsiTva et all (|2004) result is only 1 M Q yr _1 . The 
ISilva etalJd2004b curve peaks at longer wavelengths than our 
model, but this is just a result of the high dust temperature (for 
this SFR) used in our estimate. The match in amplitude is still 
robust. Thus, if this is generally correct, the typical SFR in an 
average AGN over all luminosities and z is ~ 1 Mp yr -1 . 
However, only low-z AGN were used by ISilva et a"iT(l2004l) 
to construct their SEDs. Indeed, the average luminosity of 
their AGN host galaxy sample is Ltr = 10 10 L©, which is 
at the threshold of starbursts, and if entirely attributed to star 
formation corresponds to a SFR of ~ 1 M Q yr _1 . The CXB, 
in contrast, is mostly produce d at z ~ 1, wh ere the cosmic 
SFR density is ~ 10 x greater (Hopkins 2004). The seeming 
increase in the AGN type 2 fraction with z also indicates that 
the SFR may be higher in these objects dBarger et al.l 120051; 
iBallantvne et al.ll2006at iTreister & Urrvll2006l) . At such red- 
shifts, the CIRB is dominated by the luminous IR g alaxies 
with typical SFRs > 20 M yr" 1 dLagache et al.ll2005l) . 

The percentage of the CIRB produced by AGN and star- 
formation in their host galaxies will depend both on the SFR 
within the host galaxy and the wavelength of interest. Fig. [4] 
plots the percentage of the CIRB due to AGN + reprocessed 
star-formation light between 1 and 100/im. The hatched re- 
gion shows the allowed percentages when the models of Fig. [3] 
are divided by the yellow region indicating the compilation of 
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FIG. 3. — As in the bottom panel of Fig.[T] but now including an estimate for the IR emission between 3 and 1500/xm (rest-frame) from reprocessed light due 
to an instantaneous star-formation rate of of 1 (black solid line), 5, 20 and 100 Mq yr" 1 (gray solid lines). These calculations used the Yun & Carillf (20021) 
estimate for the IR continuum in star-forming galaxies, i.e., a constant dust temperature of T d = 58 K. These results also assumed the simple JVjj distribution. 



measurements bv lHauser & Dwekl d2001l) . Similarly, the data 
points at 24 and 70/im were calcul ated by dividing the m od- 
els by the Spitzer m easurements of Pap ovich et al.l (120041) and 
iFrayer et al.l (120061) . If AGN host galaxies do have significant 
SFRs on average, then — 30% of the CIRB at 70^m could be 
due to AGN + host galaxy emission (Fig. |4j). At shorter wave- 
lengths the percent of the CIRB produced by AGN depends 
only slightly on the host galaxy SFR, and is ~ 10% at 24/im, 
dropping to ~ 1% between 1 and 10/im. 

Finally, Fig. [3] shows that AGN which produce the CXB 
cannot, on average, have SFRs > 100 M© yr . Such very 
high SFRs are the hallmark of the ultra-luminous IR galaxy 
population whic h are observed to be associated with major 
merger events (San ders et alJl 988a b) a nd whose evolution in 
space density is ve ry similar to quasars dKim & Sanders! 19981; 
Barger et al. 2000); that is, they peak in density at z ~ 2-3. 
This result may imply that the moderate-luminosity AGN at 
z ~ 1 that generate the CXB have different evolutionary paths 
than the high-luminosity quasars and be fueled by different 
mechanisms (minor mergers, interactions, etc.). Rather than 
signifying the rapid birth of a large elliptical galaxy, these in- 
termediate AGN are the signs of a more leisurely mode of 
galaxy formation. Alternatively, these AGN could be the fad- 



ing remnants of the higher redshift quasars. However, the 
large population of LIRGs at z ~ 1 indicates that there is 
significant galaxy growth at this epoch which involves signif- 
icant gas being condensed in the nuclei of galaxies. The cor- 
relation be tween black hole and bulge mass seen in spheroidal 
galaxies (Trem aine et alJ l2002) shows that the star formation 
and black hole grow th are connected durin g massive galaxy 
formation at high z dDi Matteo et alj|2005l) . Therefore, it is 
highly plausible that they may be connected with reduced in- 
tensity at z ~ 1. Future measurements of the AGN contri- 
bution to the CIRB should be able to constrain the SFR in 
AGN at the peak of obscured AGN activity. Clearly, a detailed 
study of the CXB and CIRB probes the intertwined processes 
of black hole growth, galaxy evolution and star formation. 
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